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cles, leading to the development of left ventricular (LV)
dysfunction and heart failure. LV aneurysm resection
has been performed many times since the initial proce-
dure was reported by Likoff and Bailey.1 The standard
linear repair for LV aneurysm excludes the dyskinetic
scar and reduces the expanded left ventricle,2 thereby
restoring cardiac geometry, attenuating wall stresses,
and, as a corollary, improving function. Thus far, how-
ever, data on hemodynamic improvement of global and
regional LV function after LV aneurysm repair in
human studies have been inconsistent.3-5 In animal
models, LV aneurysm repair has been largely confined
to large animals that have been studied immediately
after repair and have failed to demonstrate an improve-
ment in global cardiac function and regional ventricular
stress.6
Cardiac hypertrophy after MI in the rat is a patho-
physiologic response of the heart that contributes to the
T ransmural myocardial infarction (MI) may result inthe formation of a large akinetic or dyskinetic
infarct scar with progressive remodeling of the ventri-
Objectives: This study examined the effects of aneurysm repair in a rat model
of myocardial infarction on functional indices and on the spatiotemporal dis-
tribution of cardiac contractile protein and natriuretic peptide messenger
RNA.
Methods: In a rat infarct model, expanded left ventricular aneurysms were
plicated 4 weeks after infarction. At 30 weeks, transverse heart sections were
taken at 4 levels (apex [level 1] through base [level 4]) and assessed by in
situ hybridization histochemistry to determine regional messenger RNA lev-
els of pre-pro-atrial natriuretic peptide, cardiac α-actin, skeletal α-actin,
myosin light chain-2v, and β-myosin heavy chain.
Results: Rats with plicated left ventricular aneurysms had reduced left ven-
tricular endocardial circumference (19%, P < .005), lower heart weight ratio
(31%, P < .05), left ventricular end-diastolic pressures (51%, P < .05), and
increased ±dP/dt (34%-38%, P < .05). Cardiac messenger RNA levels of
pre-pro-atrial natriuretic peptide were reduced in the septum (levels 2 and 3),
and skeletal α-actin levels were reduced in the septum and left ventricular
free wall of plicated rats (level 3). β-Myosin heavy chain levels were
markedly reduced in peri-infarct regions of the left ventricular free wall, sep-
tum, and right ventricle in plicated rats at level 4, whereas myosin light
chain-2v levels were reduced at levels 2 and 4 in the left ventricular free wall
and at level 4 in the right ventricle.
Conclusions: Plication of left ventricular aneurysm after infarction in the rat
significantly reduced cardiac hypertrophy, improved cardiac function, and
reduced the upregulation of pre-pro-atrial natriuretic peptide and both fetal
and adult contractile protein isoforms associated with cardiac hypertrophy. 
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progression toward heart failure and is characterized by
the activation of a fetal pattern of cardiac messenger
(m)RNA expression.7 Neuroendocrine and mechanical
stimuli have been shown to induce the expression of
pre-pro-atrial natriuretic peptide (ppANP) mRNA and
induce fetal isoforms of actin (skeletal α-actin [sACT])
and myosin (β-myosin heavy chain [β-MHC]) in
neonatal myocytes in vitro.8-10 In vivo studies have also
confirmed the regional upregulation of these mRNAs
in the rat MI model in association with cardiac hyper-
trophy and within regions undergoing maximal change
in diastolic wall tension.7,11 However, no studies have
examined the influence of LV aneurysm repair after MI
in the rat on longer term functional indices and on
altered cardiac mRNA distribution.
We report that LV aneurysm repair in rats undergoing
infarction improved cardiac performance at 30 weeks
and was associated with reduced regional levels of car-
diac mRNA encoding ppANP, contractile protein iso-
forms of adult actin (cardiac α-actin [cACT]), adult
myosin (myosin light chain-2v [MLC-2v]), and both
sACT and β-MHC, which were detected with in situ
hybridization histochemistry.
Methods
Animals. Wistar rats were obtained from the Biological
Research Laboratories, Austin and Repatriation Medical
Centre (Heidelberg, Victoria, Australia). All studies were
performed in agreement with and according to the
Prevention of Cruelty to Animals Act (1986) and the
NH&MRC/CSIRO/ARC* Australian Code of Practice for
the Care and Use of Animals for Scientific Purposes (1990)
and with the approval of the Austin and Repatriation
Medical Centre Animal Ethics Committee.
LV MI. Female Wistar rats weighing 190 to 220 g were
subject to ligation of the left anterior descending coronary
artery to produce MI, as described by Pfeffer and col-
leagues12 and as modified by us.7 Mitral regurgitation is not
a feature of the model in our hands (unpublished results), and
this finding is supported by other authors.13,14 In brief, rats
were anesthetized with enflurane (Ethrane), intubated, and
ventilated with 1.5% to 2% halothane in oxygen. A left tho-
racotomy was performed at the fourth intercostal space, the
pericardium was gently ruptured, and the heart was exterior-
ized. The left anterior descending coronary artery was ligated
2 to 3 mm from its origin with a permanent 6-0 monofilament
suture. The heart was returned to the chest, the rib space and
overlying muscles were closed, and the lungs were reinflated
by positive expiratory pressure.
LV aneurysm plication. Four weeks after MI, rats with
electrocardiogram-verified transmural MI (Q-wave depth, >1
mV) were anesthetized and underwent a left thoracotomy,
during which the heart was carefully dissected free of adhe-
sions to visualize the extent of LV aneurysm. Large LV
aneurysms were detected in 27 rats, which were subsequent-
ly randomized into 2 groups: a group to be plicated (left ven-
tricular aneurysm repair [LVAR] group, n = 17) and a sham-
plication group (sham, n = 10). Group numbers were biased
in a ratio of 2:3 toward the plication group because of an
expected higher mortality in this group. Rats in the sham
group had their thoracotomies closed and were allowed to
recover. For LVAR rats, the apex of the heart was lifted with
fine-tipped forceps to obtain a motionless operative field. A
6-0 monofilament mattress suture was used to place 2 Teflon
pledgets (3 × 7 mm) on either side of the LV aneurysm, and
with the pledgets held together by forceps, the suture was
tightly ligated against the mattress reinforcement. The suture
width was 5 mm, and it was aligned with prepunched holes in
the pledgets. Thereafter, the thoracotomy was closed, and the
rats were allowed to recover.
Functional measurements. At 30 weeks after aneurysm
repair, all rats were reanesthetized with 1% halothane in oxy-
gen, the right carotid artery was isolated by means of a cut-
down, and a modified polyethylene saline-filled catheter was
inserted and retrogradely passed into the left ventricle for
continuous pressure monitoring. This modified catheter con-
struct provides a satisfactory signal frequency response to
allow accurate measurements of LV pressures.15 LV end-dias-
tolic pressure, LV peak systolic pressure, and rate of change
of LV pressure (±LV dP/dt) were recorded on a MacLab/4E
Data Acquisition System (ADInstruments Pty Ltd, Castle
Hill, Australia) for subsequent analysis. After functional mea-
surement, the rats were removed from the ventilator and
killed by decapitation. The hearts were removed immediate-
ly and placed in ice-cold saline solution to arrest in diastole;
the lungs, liver, and right kidney were removed, cleared of
connective tissue, blotted, and weighed. The heart was subse-
quently processed and snap frozen according to published
methods.7 The mean time to saline immersion of the heart
after decapitation was 10 seconds, and tissues were snap
frozen over liquid nitrogen within 1 minute. An assessment of
dry heart weight changes after plication was not possible in
the current study because of the requirement for fresh tissue
for in situ hybridization histochemistry.
Tissue preparation. Serial transverse sections (14 µm) of
fresh tissue were cut at 4 levels from the apex (level 1) to base
(level 4) of the ventricles (interval, 2.4 mm) on a cryostat at
–18°C. Sections were thaw-mounted onto poly-L-lysine
subbed slides, air-dried, and washed in 1× standard saline cit-
rate (SSC; 1× SSC: 0.15 mol/L NaCl and 15 mmol/L Na cit-
rate, pH 7.0) and dehydrated in serial ethanol washes (70%,
95%, and 100%) before storage at –70°C.
Oligonucleotide probes. So that the various cardiac
mRNA species could be hybridized, DNA oligonucleotide
probes (38-45 mers) were prepared complementary to
cACT, sACT, MLC-2v, and β-MHC complementary
(c)DNA by Biotech International (Perth, Australia), as
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described previously.7 For ppANP hybridization, a probe
complementary to nucleotides 163 to 207 of the ppANP
cDNA16 (5´-CGC TTC ATC GGT CGT CTC GCT CAG
GGC CTG CGG AGG CAT GAC CTC-3´) was prepared.
Extra probes were prepared complementary to nucleotides
150 to 188 of rat cACT cDNA17 (5´-GGA GCC CCC AAT
CCA GAC AGA GTA TTT ACG CTC AGG GGG-3´), 4 to
48 of rat sACT cDNA18 (5´-GCC GGC CTC GTC GTA
CTC CTG CTT GGT GAT CCA CAT CTG CTG GAA-3´),
and 164 to 208 of rat β-MHC cDNA19 (5´-GCC ATT CTC
TGT CTC AGC GGT GAC TTT GCC ACC CTC TCG
AGA CAC-3´). These probes were prepared to maximize
the specific hybridization signal of the lower abundance
mRNAs20 and were designed to noncontiguous regions of
the cDNA encoded by the original probes and within
regions of maximum regional heterogeneity between relat-
ed mRNAs (cACT, sACT, α-MHC, and β-MHC). The
specificity of all probes for the intended mRNA target was
confirmed by means of Basic Local Alignment Search Tool
(BLAST) analysis of GenBank, EMBL, DDBJ, and PDB
sequence databases.21
In situ hybridization histochemistry. Full protocols for in
situ hybridization histochemistry, including the preparation of
the oligonucleotide probes and densitometric quantification,
have been described previously,7 except that the current study
used single-sided Hyperfilm βmax film rather than Kodak X-
Omat film to improve detection sensitivity. In brief, probes were
3´ end labeled with [α-35S] deoxyadenosine triphosphate (1200
Ci/mmol; Dupont-NEN, Boston, Mass) by using terminal
deoxynucleotidyl transferase (AMRAD Pharmacia Biotech,
Sydney, Australia) to a specific activity of 1.0 to 2.5 × 109
dpm/µg. Probes (2 pg/µL, 65 µL per slide) were hybridized to
heart sections overnight at 42°C. Nonspecific hybridization was
measured in the presence of a 100-fold excess of unlabeled
probe. Slides were washed in 1× SSC for 60 minutes at 55°C,
rinsed at room temperature in 1× SSC and 0.1× SSC, serially
dehydrated in ethanol, and air-dried. Sections were then
exposed to x-ray film for 1 to 20 days, depending on hybridiza-
tion signal strength, before development.
Quantitation of cardiac mRNA levels. Cardiac mRNA
levels were quantitated by computer-assisted, densitometric
image analysis (MicroComputer Imaging Device [MCID];
Imaging Research Inc, St Catharines, Ontario, Canada).
Relative optical densities of autoradiographic images were
converted to disintegrations per minute per square centimeter
by means of interpolation from standard curves generated on
individual films from labeled brain paste standards coex-
posed with tissue sections. The total hybridization signal of
[α-35S] deoxyadenosine triphosphate–labeled probes was
determined by manually outlining discrete cardiac regions
and averaging the total hybridization signal measured on 3
consecutive serial sections from each short-axis level.
Scar length measurement. Transverse sections were
stained with Van Geison stain for collagen and were subject-
ed to computer-assisted planimetry (MCID) for determina-
tion of LV endocardial circumference and scar length by
using planimetry at level 2, as previously described.7 The scar
length fraction was expressed as the percentage of endocar-
dial LV circumference replaced by scar tissue.
Statistical analysis. All data are given as means ± SEM.
Effects of plication on rat organ weights, functional indices,
and cardiac mRNA levels were analyzed by using the
unpaired Students t test (Excel 97-SR2, Microsoft
Corporation, Redmond, Wash).
Table I.  Effect of plication on organ weight, scar length, and cardiac function 20 weeks after aneurysm repair
Sham plication LVAR
No. (organ weight, geometry) 9 10
Preoperative body weight (g) 205 ± 7 212 ± 6
30-week body weight (g) 309 ± 9 341 ± 8
∆ Body weight (g) 104 ± 11 129 ± 9*
Heart weight (g) 2.36 ± 0.24 1.98 ± 0.15
Heart weight ratio (g/100 g) 0.76 ± 0.07 0.58 ± 0.04*
Lung weight (g) 1.75 ± 0.17 1.70 ± 0.12
Lung weight ratio (g/100 g) 0.57 ± 0.06 0.50 ± 0.04
LV circumference (mm) 32.0 ± 1.1 25.9 ± 1.8†
Infarct scar length (mm) 12.3 ± 1.0 8.1 ± 1.3*
Infarct/LV ratio 0.38 ± 0.04 0.31 ± 0.04
No. (functional data) 7 8
Heart rate (beats/min) 279 ± 27 334 ± 34
LVpSP (mm Hg) 68 ± 7 87 ± 9
LVeDP (mm Hg) 35 ± 6 17 ± 2†
LV +dP/dt (mm Hg/s) 1354 ± 64 2005 ± 153†
LV –dP/dt (mm Hg/s) 1099 ± 35 1477 ± 150*
τ (ms) 45 ± 9 47 ± 5
Values are represented as mean ± SEM of the number of rats indicated. Preoperative body weight indicates body weight at infarction. Infarct scar ratio is the ratio of
infarct scar length to LV chamber circumference. LVpSP, left ventricular peak systolic pressure; LVeDP, left venricular end-diastolic pressure.
*P < .05 and †P < .01, significant effect of plication (unpaired t test) compared with sham-plicated rat hearts.
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Results
Mortality. Mortality of the MI operations was 32%
(20/62), which was consistent with an earlier report
from our laboratory.7 Of the surviving rats, 25%
(8/42) did not satisfy Q-wave entry criteria on 24-hour
electrocardiograms and were excluded from the study.
The remaining 34 rats were assigned to the plication
study, progressed to the 4-week time point, and
appeared healthy. At 4 weeks, 7 of the assigned rats
had no visual evidence of expanded LV aneurysm at
operation and were excluded from the study. The final
27 rats that underwent MI with LV aneurysm were
randomized into 2 groups of similar body weight: the
plication group (LVAR) was larger (n = 17) than the
sham group (n = 10) because a higher mortality was
expected at operation.
Postoperatively, 2 LVAR rats died within 24 hours of
the plication operation (2/17), and 4 (4/15) died within
4 weeks of the plication operation. These deaths were
considered to be a consequence of the plication opera-
tion. A further LVAR group rat (1/11) and a sham group
rat (1/10) died at 14 weeks and 11 weeks, respectively,
after the plication or sham plication operation. At 30
weeks after aneurysm repair, the remaining 10 LVAR
group rats and 9 sham group rats were anesthetized for
the purpose of assessing hemodynamic measures and
thereafter killed to allow measurement of organ weight
and cardiac mRNA changes. Hemodynamic measures,
however, were only recorded for 8 LVAR group rats
and 7 sham group rats because 2 rats from each study
group died during the induction of anesthesia. These
latter animals were included in the analyses of organ
weight and cardiac mRNA changes and had heart
weight ratios that were maximal or near maximal for
their respective groups. Corresponding changes in
regional cardiac mRNA levels qualitatively reflected
these higher values.
Heart and lung weight changes. At 30 weeks after
aneurysm repair, rats in the LVAR group had gained more
body weight than rats in the nonplicated sham groups
(24%, P < .05, Table I). Heart weight ratio (grams per 100
g of body weight) was lower in LVAR rats (31%, P < .05,
Table I), whereas lung weight ratio (grams per 100 g of
body weight) was not statistically different in comparison
with sham-plicated rats (P = .29).
Intracardiac hemodynamics. Intracardiac hemody-
namic results are summarized in Table I. LV peak sys-
tolic pressure was higher but not statistically increased
in LVAR rats (28%, P = .15), whereas LV end-diastolic
pressure was decreased by 51% (P < .01). Significant
increases in peak ±dP/dt were evident in LVAR rats
(34% to 48%, P < .05), indicating that LV plication
improved LV function. There was no difference in τ
(time constant of relaxation) between the 2 groups.
Cardiac geometry and scar length. Representative
transverse heart sections stained with Van Gieson stain
are seen in Fig 1. In both the LVAR and sham groups
the LV free wall was involved in transmural infarction,
whereas the interventricular septum (IS) remained
intact. Anterior papillary muscles in most hearts were
atrophied as a result of infarction. In sham-plicated rat
hearts the LV chamber was markedly dilated, whereas
in plicated rat hearts the heart was more globular and
the LV walls appeared thicker after resection and repair
of the aneurysm. In plicated rats the length of the
infarct scar was significantly reduced (34%, P < .05),
as was the LV endocardial circumference (19%,
P < .005, Table I).
In situ hybridization histochemistry. Levels of
PpANP mRNA were detected in ventricular regions
at all levels and in all sections examined (Figs 2 and
3). In sham-plicated rats ppANP mRNA was detect-
ed in the scar-bordering (peri-infarct) regions of the
LV and throughout the IS and right ventricle (RV) but
was particularly localized to the peri-infarct and IS
endocardial regions. A similar ppANP mRNA distri-
bution was evident in LVAR hearts; however, ppANP
levels were 58% to 78% lower in the LV free wall
(levels 1-3, P < .01, Figs 2 and 3), despite persistent
ppANP hybridization at either side of the pledgets,
and were 43% to 51% lower at the midportion of the
IS (levels 2 and 3, P < .05).
Levels of β-MHC mRNA were detected in a homo-
geneous pattern throughout much of the IS and RV in
both sham-plicated and LVAR rats, but higher levels
were evident in peri-infarct regions, at the IS epicardi-
um, and in the RV (Figs 4 and 5). Significant differ-
ences in β-MHC mRNA levels were apparent at level 4,
where levels in LVAR hearts were 43% lower in the LV
free wall (P < .05), again despite persistent peak 
β-MHC hybridization on either side of the pledgets
(compared with ppANP). β-MHC mRNA levels were
also lower throughout the IS and RV at this level (43%-
58%, P < .05, Figs 4 and 5).
Levels of sACT mRNA were detected homogeneous-
ly throughout the IS and RV of sham-plicated hearts,
but like ppANP mRNA, these levels were higher in
peri-infarct regions (data not shown). In LVAR hearts,
sACT mRNA levels were significantly lower in the LV
free wall and IS at level 3 (20%-28%, P < .05, Fig 6),
largely because of regionally reduced levels in the peri-
infarct region and homogeneously reduced levels
throughout the IS. In contrast, cACT mRNA levels
were homogeneously and diffusely detected through-
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Fig 1. Van Gieson–stained transverse heart sections from sham-plicated (left) and LVAR (right) rat hearts at 30
weeks after aneurysm repair. Resection of aneurysm scar in the left ventricle resulted in a smaller, thicker (less
dilated) LV chamber, which was reflected in a significantly lighter heart weight ratio measured in grams per 100 g
of body weight (Table I). This presumably reflects the effects of resection and mass redistribution. Photographs are
printed directly from representative slide sections cut from the apex through the base at level 1 (A and E), level 2
(B and F), level 3 (C and G), and level 4 (D and H). LA, Left atrium; pm, papillary muscle (scale bar = 5 mm).
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Fig 2. Distribution of ppANP mRNA in sham-plicated (left) and LVAR heart sections (right) at 30 weeks after
aneurysm repair. Photographs are printed directly from representative autoradiographs of transverse heart serial
sections hybridized with total [35S]-labeled oligonucleotide probe complementary to ppANP mRNA, with white
areas indicating hybridization. A, Sham: level 1; B, sham: level 2; C, sham: level 3; D, sham: level 4; E, LVAR:
level 1; F, LVAR: level 2; G, LVAR: level 3; H, LVAR: level 4. LA, Left atrium; pm, papillary muscle (scale bar =
5 mm).
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out the ventricles in both sham-plicated and LVAR
hearts and were not different between groups (data not
shown).
In both sham-plicated and LVAR hearts, MLC-2v
mRNA levels were homogeneous and of a moderate to
high level throughout the ventricles (Fig 7). In LVAR
hearts MLC-2v mRNA levels were markedly reduced
in a homogeneous manner at levels 3 and 4 of the LV
free wall (52%-56%, P < .05) and throughout the IS
and RV at level 4 (51%-56%, P < .05).
In the posterior papillary muscle, ppANP (59%),
β-MHC (32%), and sACT (14%) mRNA levels were all
significantly lower in LVAR hearts compared with
sham-plicated hearts (P < .01, Fig 8).
Discussion
The present study examined the effect of LV
aneurysm repair in infarcted rat hearts on cardiac struc-
ture and function and examined the spatiotemporal dis-
tribution of cardiac mRNA levels by using in situ
hybridization histochemistry in serial short-axis sec-
tions. In surviving LVAR rats aneurysm repair by
means of plication produced striking improvements in
cardiac function, attenuated the increase in heart
weight ratio, and reduced regional ppANP mRNA lev-
els, indicating significant functional and molecular
benefits of the plication operation. LV aneurysm repair
also reduced the regional expression of contractile pro-
tein mRNAs (β-MHC, sACT, and MLC-2v) at 30
weeks after aneurysm repair.
Cardiac remodeling after transmural MI is associated
with cardiac myocyte hypertrophy within the remain-
ing viable myocardium. This process involves an
increase in myocardial mass primarily by means of the
serial addition of new sarcomeres and fiber elongation
without relative wall thickening (eccentric hypertro-
phy),22 resulting in chamber enlargement. At the level
of cardiac gene expression, phenotypic conversion
from the adult cACT and β-MHC mRNA isoforms of
actin and myosin to the fetal sACT and β-MHC
mRNAs has been reported after neuroendocrine stimu-
lation, mechanical stimulation, or both, of cultured
neonatal rat cardiac myocytes.23 Complementary find-
ings have also been reported after production of aortic
stenosis,24 aortocaval fistula,25 and MI in rats.7
Increased mRNA expression and cellular accumulation
of the adult isomyosin MLC-2v and re-expression of
ventricular ppANP mRNA have also been reported as
features of the hypertrophic process.26,27 The upregula-
tion of these genes is associated with hemodynamic
deterioration and geometric remodeling in the nonin-
farcted, as well as in infarcted, myocardium.
A large transmural infarction of the left ventricle of
the rat leads to a geometric change in the heart from
ellipsoidal to cylindrical, and an increase in the radius
of curvature at the apex results in a marked elevation of
stress at this site.11 Excision of a substantive part of the
scar and the aneurysmal dilatation leads to a more nor-
mal cardiac configuration and increased wall thickness.
In accordance with Laplace’s law, LV free-wall stress is
directly related to chamber dimension and pressure and
inversely related to wall thickness.28 In the present
Fig 3. Effects of plication on levels of ppANP mRNA in se-
rial heart sections at 30 weeks after aneurysm repair. Values
are represented as means ± SEM of the number of rats indi-
cated per group in Table I and within regions at the apex
(level 1 [1]) through the base (level 4 [4]). *P < .05, #P < .01,
and †P < .005, significant effect of plication (unpaired t test)
compared with sham-plicated rat hearts within the region.
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Fig 4. Distribution of β-MHC mRNA in sham-plicated (left) and LVAR heart sections (right) at 30 weeks after
aneurysm repair. Photographs are printed directly from representative autoradiographs of transverse heart serial
sections hybridized with total [35S]-labeled oligonucleotide probe complementary to β-MHC mRNA, with white
areas indicating hybridization. A, Sham: level 1; B, sham: level 2; C, sham: level 3; D, sham: level 4; E, LVAR:
level 1; F, LVAR: level 2; G, LVAR: level 3; H, LVAR: level 4 (scale bar = 5 mm).
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study the reduction of ventricular volume and the elim-
ination of the dyskinetic scar presumably led to
reduced ventricular wall stress and thereby improved
cardiac performance and reduced heart weight ratio.
However, because the in situ hybridization histochem-
istry protocol did not allow measurements of dry heart
weight, we could not establish the degree to which this
reduction was caused by reduced edema. Consistent
with the conclusion that plication of the infarct scar in
the anterolateral apical LV free wall reduces the elevat-
ed wall stress of surviving myocardium, the level of
ppANP mRNA in LVAR hearts was markedly reduced
in the apical LV free wall, particularly in the peri-
infarct zone, regions known to express the highest
ppANP mRNA levels after MI.7 Wall stress reduction,
however, is not the only explanation for these results
because the plication operation also had an effect on
the expression of cardiac mRNAs at the base (level 4),
particularly in noninfarcted infundibular regions,
where β-MHC and MLC-2v mRNA levels were signif-
Fig 5. Effects of plication on levels of β-MHC mRNA in se-
rial heart sections at 30 weeks after aneurysm repair. Values
are represented as means ± SEM of the number of rats indi-
cated per group in Table I and within regions at the apex
(level 1 [1]) through the base (level 4 [4]). *P < .05, signifi-
cant effect of plication (unpaired t test) compared with sham-
plicated rat hearts within the region.
Fig 6. Effects of plication on levels of sACT mRNA in serial
heart sections at 30 weeks after aneurysm repair. Values are
represented as means ± SEM of the number of rats indicated
per group in Table I and within regions at the apex (level 1
[1]) through the base (level 4 [4]). *P < .05, significant effect
of plication (unpaired t test) compared with sham-plicated rat
hearts within the region.
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icantly reduced in LVAR hearts. It is less likely that pli-
cation would affect wall tension in this region, imply-
ing that the altered mRNA levels are also likely to
result from an effect of plication on hemodynamic pre-
load. Not all functional indices improved with plica-
tion, however. Although peak systolic pressures were
higher in plicated rats, they did not achieve statistical
significance. Furthermore, τ did not decrease, indicat-
ing that the early active phase of diastole was not
improved in the plication group.
In infarcted rat hearts the LV free wall is composed
of a large infarct scar, a peri-infarct zone, and a nonin-
farcted region, with distinct cardiac mRNA levels with-
in these regions of the LV free wall. Morphometric
studies have shown that the processes that cause hyper-
trophy of the ventricular free wall demonstrate qualita-
tively similar changes in the papillary muscles.29
Because of the segmental nature of hypertrophic
change of the ischemic LV, noninfarcted papillary mus-
cle can be considered representative of the remainder
of the myocardium.30 Our investigation showed that
although the expression of cardiac mRNA levels in
papillary muscle after infarction was higher than that
found in other areas of the heart, levels of ppANP, β-
MHC, and sACT mRNA were again significantly
reduced in LVAR hearts.
In the present study RV levels of β-MHC and MLC-
2v mRNA at the base (level 4) were attenuated in the
plication group. Messenger RNA levels of ppANP,
sACT, and β-MHC are known to increase in the RV
after MI in rats,7 and ppANP and sACT mRNA levels
increase in the RV of rats with RV hypertrophy pro-
duced by pulmonary arterial banding.31 Hemodynamic
overload of the left ventricle may influence the RV
through the pulmonary circulation or the IS; however,
it is unclear whether direct mechanical stress itself or
neurohormonal factors evoked by stress stimulated
these mRNA levels in the RV.
Despite the apparent benefits of LV aneurysm plica-
tion in this study, we found that the plication procedure
had some limitations. First, the infarct scar in this
model was large (44.5% ± 2.7% of the LV surface
Fig 8. Effects of plication on levels of ppANP, β-MHC, and
sACT mRNA in posterior papillary muscles at 30 weeks after
aneurysm repair. Values are represented as means ± SEM of
the number of rats indicated per group in Table I and within
regions at the apex (level 1 [1]) through the base (level 4 [4]).
*P < .05, #P < .01, and †P < .005, significant effect of plica-
tion (unpaired t test) compared with sham-plicated rat hearts
within the region.
Fig 7. Effects of plication on levels of MLC-2v mRNA in se-
rial heart sections at 30 weeks after aneurysm repair. Values
are represented as means ± SEM of the number of rats indi-
cated per group in Table I and within regions at the apex
(level 1 [1]) through the base (level 4 [4]). *P < .05, signifi-
cant effect of plication (unpaired t test) compared with sham-
plicated rat hearts within the region.
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area),7 making it difficult to consistently plicate the
entire scar area. As a consequence, the nonplicated scar
may have re-expanded during the 30-week period after
plication, allowing some LVAR hearts to became
enlarged and resulting in individual variation in bene-
fit. Second, there was a persistence of increased mRNA
levels at either side of the pledgets in the peri-infarct
region, suggesting that this region of the LV free wall
was still subject to increased stress in LVAR rats.
Finally, the mortality of the LVAR group in the present
study was higher than that of the sham group; 5 LVAR
rats died after the plication, 4 of them within 4 weeks
of the operation. Our recent experience, however, sug-
gests that this initial mortality was due to technical fail-
ures because we now have an extremely low mortality
from plication operations, with no deaths reported in
our latest series of 18 LVAR rats (unpublished observa-
tions). Finally, there are differences between rat and
human models in that septal necrosis is almost always
present with left anterior descending occlusion in
human patients, whereas it is only seen in large infarcts
(>45%) in the rat.15
In conclusion, the plication of LV aneurysm in a rat
model of MI improved cardiac function and reduced
the upregulation of ppANP mRNA, β-MHC mRNA,
sACT mRNA, and MLC-2v mRNA in the long term.
Further studies are required to establish criteria for
optimum reduction of ventricular volume. 
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